Introduction {#s1}
============

In an urban tertiary care 500-bed hospital in Illinois, USA, with nearly 25 000 discharges per year, 96 patients with acute myocardial infarction (AMI) in the residing county were discharged to home or self-care between January and April 2016. Of those 96 patients, only one (2.6%) had an initial outpatient cardiac rehabilitation appointment scheduled to occur within 7 days of hospital discharge. In addition, our institution's risk-adjusted 30-day readmission rates for patients with AMI from January to August 2016 were 11.8%, above our expected readmission rate of 9.58% and above the 2016 top quartile Centers for Medicare and Medicaid Services (CMS) peer comparison group. Further investigation revealed the root cause was lack of specific requirements to get patients into outpatient cardiac rehabilitation within a specific time frame.

The American College of Cardiology (ACC) advocates patients with AMI schedule an initial outpatient cardiac rehabilitation appointment within 7 days of hospital discharge.[@R1] This quality initiative has been titled 'See You in 7' by the ACC's Hospital-To-Home initiative.[@R2] The 'See You in 7' initiative includes tactics such as providing the patient with an appointment card and scheduling the appointment prior to discharge, all focused on promoting attendance to cardiac rehabilitation within 7 days of hospital discharge.[@R2]

Engaging patients in outpatient cardiac rehabilitation in a more timely manner promotes better patient outcomes including reduced 30-day readmission and mortality rates for the AMI patient population.[@R3] According to Pack *et al*, providing patients with AMI with appointments within 7 days may impact patient outcomes such as readmission rates, and have an impact on the likelihood of attending the initial cardiac rehabilitation appointment.[@R7]

Evidence-based guidelines from the ACC provide a class 1 level recommendation for referral to a cardiac rehabilitation for patients with recent AMI.[@R1] Comprehensive multidisciplinary cardiac rehabilitation programmes are a cost-effective approach to assist patients in modifying cardiac risk factors, increasing exercise capacity and improving quality of life, allowing restoration to optimal physical and psychosocial functioning.[@R8] Despite the benefits of cardiac rehabilitation programmes, the services are underused with only 14%--35% of eligible patients with AMI participating.[@R10]

No specific parameters or guidelines around an appropriate time frame from AMI discharge to first scheduled outpatient cardiac rehabilitation appointment existed at our institution. Process mapping of the outpatient cardiac rehabilitation scheduling process revealed that patients were only given information about outpatient cardiac rehabilitation during their inpatient stay. One outpatient nurse verified insurance information on Monday afternoons and on Thursday would catch up on new referrals and prioritise which patients to call and schedule appointments. Due to other duties, this staff member could only dedicate a few hours per week to complete the insurance verification and appointment scheduling, creating a bottleneck effect. On average, patients were not contacted until 5 days after hospital discharge to schedule their outpatient appointment (online [supplementary figure 1](#SP1){ref-type="supplementary-material"}) ([figure 1](#F1){ref-type="fig"}). By the time patients were contacted to schedule their appointment, there were no available appointment slots within 7 days of their hospital discharge. When patients were asked, 'What keeps you from attending cardiac rehabilitation?' answers included not seeing the need for cardiac rehabilitation, needing to know if their insurance would cover the appointment and wanting to confirm with their physician before committing to cardiac rehabilitation.
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![Before the intervention, the outpatient cardiac rehabilitation team received referrals from the inpatient cardiac rehabilitation team. One staff member verified insurance information on Monday afternoons. On Thursday, the staff member would catch up on new referrals and prioritise which patients to call and schedule an appointment. With only one staff member completing the insurance verification and appointment scheduling, a bottleneck was created and patients were not contacted to schedule their appointment until an average of 5 days after hospital discharge.](bmjoq-2017-000296f01){#F1}

In response to the ACC standardised best practice guidelines and 30-day AMI readmission rates, a Lean Six Sigma project was initiated. The purpose of this project was to increase the number of patients with AMI with a first outpatient cardiac rehabilitation appointment scheduled to occur within 7 days of hospital discharge. The goal was to improve this process by 40% within 3 months as measured by an appointment database. As there had been no standard in place prior to the project, the team believed a 40% improvement would be attainable. Decreasing time from discharge to first scheduled outpatient cardiac rehabilitation appointment for patients with AMI is consistent with the organisation's strategic goals to create great patient outcomes and to be a national leader for excellence in patient care.

Methods {#s2}
=======

The study was performed at an urban tertiary care hospital with nearly 110 myocardial infarction (MI) discharges per month. On average, 80% of cases are ST-elevation MIs and 20% of cases are non-ST-elevation MIs. There are nine people on the cardiac rehabilitation team with some staff working in both inpatient and outpatient cardiac rehabilitation roles. Outpatient cardiac rehabilitation is conducted at an off-site location.

To identify process improvements to enhance quality, the Lean Six Sigma model consists of a five-step process of define, measure, analyse, improve and control. Deployment of this quality improvement methodology is designed to produce predictable and sustainable results.[@R13] This model requires engaged stakeholders to define the core problem, dive deep into issues through data measurement and analysis, identify improvements and develop control plans to ensure sustainability of the identified outcomes. The project team comprised a cardiologist, the director of cardiovascular services, the cardiopulmonary rehabilitation nurse manager, nursing staff and a patient care facilitator.

Lean Six Sigma tools used included a critical-to-quality tree and workflow process mapping ([figure 1](#F1){ref-type="fig"}) (online [supplementary figures 1 and 2](#SP1 SP2){ref-type="supplementary-material"}). In addition, fishbone diagrams and a 5 Why's analysis revealed barriers and critical factors (X's) to scheduling the initial outpatient cardiac rehabilitation appointment to occur within 7 days of hospital discharge ([figure 2](#F2){ref-type="fig"}). Critical X's for the project included: (1) number of available outpatient cardiac rehabilitation initial evaluation appointments within 1 week of hospital discharge; (2) timeliness of first contact to schedule initial outpatient cardiac rehabilitation appointment; and (3) number of staff able to schedule initial outpatient cardiac rehabilitation appointment and verify insurance coverage for the appointment.

![Fishbone diagram determined potential causes for time to initial outpatient cardiac rehabilitation (CR) appointment greater than 7 days of hospital discharge. Cause and effects were organised into categories that included environment, process, machines, people and other. AMI, acute myocardial infarction; CR, cardiac rehabilitation.](bmjoq-2017-000296f02){#F2}

Our project objective was for every patient with AMI, within inclusion criteria, to have a first outpatient cardiac rehabilitation appointment scheduled to occur within 7 days of hospital discharge. 'See You in 7' guidelines and the importance of engaging patients with AMI in outpatient cardiac rehabilitation in a more timely manner were shared with staff during team meetings and huddles. Additional outpatient cardiac rehabilitation appointment slots were opened to accommodate the increase in patients with AMI planned to attend outpatient cardiac rehabilitation within 7 days of hospital discharge. In addition, appointment slots were blocked on Thursdays to accommodate the influx of patients. Managers had to ensure adequate staffing to fill the additional appointment slots.

Staff members were cross-trained to schedule the initial outpatient cardiac rehabilitation appointments. This allowed scheduling of these appointments to occur every day of the week as opposed to the few days a week that one person previously scheduled these appointments. Colour-coded calendars that highlighted the reserved appointment slots for patients with AMI were placed in the scheduling area as visual reminders. Additionally, staff who did not work regularly were given reminders of the changes during their shifts.

Staff were cross-trained on the patient insurance verification and coverage process for outpatient cardiac rehabilitation services. A weekly rotation was assigned to staff members, which provided the opportunity for one staff member to be dedicated to this activity (in addition to other duties) each week. This allowed staff the ability to obtain the insurance verification information earlier in the process (while the patient was still an inpatient). After staff were cross-trained in scheduling and insurance verification, staff began scheduling outpatient cardiac rehabilitation appointments prior to hospital discharge. As a result, the team member completing the inpatient cardiac rehabilitation care was able to provide the insurance coverage information and answer patient questions at the time of scheduling the initial outpatient cardiac rehabilitation appointment. Staff members who were experienced with the insurance verification process served as resources to newly trained staff and answered any insurance verification questions. The number of staff trained to schedule and verify insurance coverage increased from one to nine team members. Process improvements were made at multiple stages of the appointment scheduling process to maintain sustainability.

The team hypothesised that changing availability of initial evaluation appointments, timeliness of initial scheduling contact and the number of staff able to make first scheduling contact and verify insurance would decrease the time from AMI patient discharge to cardiac rehabilitation appointment.

Patients aged 18 years or older with a primary or secondary diagnosis of AMI who were discharged to home or self-care and lived within the county of the hospital's outpatient cardiac rehabilitation programme were included in the project. Timeliness of initial outpatient cardiac rehabilitation appointment was measured. The operational definition stated: 'If appropriate, appointment scheduled to occur within 7 days of hospital discharge (yes/no).' A data-tracking spreadsheet was created and a control plan was put into place for long-term improvement. The control plan ensured continued monitoring and staff accountability after the project was transitioned to the cardiac rehabilitation department. The department continues to monitor the number of days from hospital discharge to first scheduled and attended outpatient cardiac rehabilitation appointments for patients with AMI. In addition, close monitoring of 30-day readmissions for this patient population continues.

Days from hospital discharge to first scheduled outpatient cardiac rehabilitation appointment were plotted using a statistical process control chart in QI Macros in Excel. Mann-Whitney U tests were used to determine differences in the number of days to first scheduled and attended appointments before and after the intervention. Two-proportion tests were used to determine the differences in the per cent of patients who declined or agreed to schedule cardiac rehabilitation, the per cent of patients with an appointment scheduled within 7 days, per cent of patients who attended their scheduled appointment and the per cent of patients who were readmitted within 30 days before and after the intervention. Data for overall 30-day readmission rates at the institution were measured from the Premier database. All statistics were performed in Minitab. A p value of \<0.05 was considered significant.

This submission has been reviewed by the local institutional review board and was found exempt. This review board determined that this project was not research involving human subjects.

Results {#s3}
=======

Time to scheduled appointment {#s3a}
-----------------------------

Following the interventions, time of inpatient discharge to first scheduled outpatient cardiac rehabilitation appointment was reduced from an average of 18.7 days to 6.3 days, a 66.3% improvement (p\<0.01, Mann-Whitney U test) ([figure 3](#F3){ref-type="fig"}). In addition, the percentage of patients who had the first outpatient cardiac rehabilitation appointment scheduled to occur within 7 days of hospital discharge increased from 1/38 patients (2.6%) to 72/79 patients (91.1%), an 88.5% improvement (p\<0.01, two-proportion test) ([table 1](#T1){ref-type="table"}). Improvements have been sustained for 5 months after handing the project over to the department ([figure 3](#F3){ref-type="fig"}).

###### 

Scheduled and attended cardiac rehabilitation appointments and 30-day readmission rates before and after intervention

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                                                 Before\         After\            P values
                                                                                                                                 intervention    intervention      
  ------------------------------------------------------------------------------------------------------------------------------ --------------- ----------------- -------------------------------
  Total AMI patient population                                                                                                   96              190               

  Number of patients who declined cardiac rehabilitation/total patients                                                          58/96 (60.4%)   111/190 (58.4%)   Two-proportion test, p=0.745

  Number of patients who agreed to schedule cardiac rehabilitation/total patients                                                38/96 (39.6%)   79/190 (41.6%)    Two-proportion test, p=0.745

  Number of patients with cardiac rehabilitation scheduled within 7 days/patients who agreed to schedule an appointment          1/38 (2.6%)     72/79 (91.1%)     Two-proportion test, p\<0.001

  Average days from discharge to scheduled cardiac rehabilitation appointment                                                    18.7 days       6.3 days          Mann-Whitney U test, p\<0.01

  Number of patients who attended cardiac rehabilitation/patients who agreed to schedule an appointment                          31/38 (81.6%)   58/79 (73.4%)     Two-proportion test, p=0.309

  Number of patients who attended cardiac rehabilitation within 7 days/patients who agreed to schedule an appointment            1/38 (2.6%)     42/79 (53.2%)     Two-proportion test, p\<0.001

  Average days from discharge to attended cardiac rehabilitation appointment                                                     21.7 days       8.0 days          Mann-Whitney U test, p\<0.001

  Number of patients who were readmitted within 30 days/total patients who attended cardiac rehabilitation within 7 days         0/1 (0%)        1/42 (2.4%)       Two-proportion test, p=0.331

  Number of patients who were readmitted within 30 days/total patients who did not attend cardiac rehabilitation within 7 days   13/95 (13.7%)   30/148 (20.3%)    Two-proportion test, p=0.173
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AMI, acute myocardial infarction.

![Time from hospital discharge to first scheduled outpatient cardiac rehabilitation appointment for patients with acute myocardial infarction (AMI) was significantly reduced from 18.7 days before intervention to 6.3 days after intervention (Mann-Whitney U test, p\<0.01). Interventions included: (1) adding additional appointment slots; (2) cross-training in scheduling; (3) cross-training in insurance verification; and (4) scheduling appointments prior to hospital discharge. Interventions 1--4 are represented by circles in the figure. The control phase began when the process was handed over to the department. The upper control limit (UCL), shown as the red dotted line, represents 3 SDs from the mean. Data points above the UCL are shown as red circles. The solid blue centreline represents the average. The string of red diamonds represents eight data points below the centreline.](bmjoq-2017-000296f03){#F3}

Time to attended appointment {#s3b}
----------------------------

Of the 38 patients with AMI who were scheduled to attend outpatient cardiac rehabilitation before intervention, one patient attended within 7 days of inpatient discharge (2.6%). After intervention, 79 patients were scheduled to attend cardiac rehabilitation. Of the 79 patients, 42 attended within 7 days (53.2%), a 50.6% improvement (p\<0.001, two-proportion test). In addition, the time from inpatient discharge to first attended outpatient cardiac rehabilitation appointment was reduced from 21.7 days to 8.0 days after intervention, a 63.1% improvement (p\<0.001, Mann-Whitney U test).

Thirty-day readmission rates {#s3c}
----------------------------

In the study group, overall 30-day readmission rates were not significantly altered after intervention. However, the after intervention readmission rate for patients meeting ACC recommendations of attending cardiac rehabilitation within 7 days was 2.4% (1/42). Of the patients who did not attend cardiac rehabilitation within 7 days, 20.3% (30/148) were readmitted within 30 days of discharge. In addition, the institution's risk-adjusted 30-day readmission rates for patients with AMI from October 2016 to May 2017 were 9.03%, below the expected readmission rate of 9.53% and below the CMS top quartile peer comparison group.

Before intervention, 58/96 patients (60.4%) failed to commit to scheduling an outpatient cardiac rehabilitation appointment. After intervention, 111/190 patients (58.4%) declined cardiac rehabilitation. Of the 79 patients who initially agreed and were scheduled to attend cardiac rehabilitation after intervention, 21 did not attend (26.6%). Overall after intervention, our attendance rate was 30.5% for the project's target population. Nationally, only 14%--35% of eligible patients with MI attend rehabilitation.[@R14] This is another opportunity for further quality improvement interventions to improve cardiac rehabilitation attendance rates.

Discussion {#s4}
==========

To reduce the time to scheduled outpatient cardiac rehabilitation appointments, availability of outpatient cardiac rehabilitation appointments was increased, staff were cross-trained to remove the 'one-person dependency' for the insurance verification and scheduling, and appointments were scheduled prior to hospital discharge. After intervention, the number of patients scheduled to attend an outpatient cardiac rehabilitation appointment within 7 days of hospital discharge improved to 72/79 (91.1%) and days from hospital discharge to first scheduled outpatient cardiac rehabilitation appointment were reduced from 18.7 days to 6.3 days (Mann-Whitney U test, p\<0.01).

Baker *et al* measured the time from hospital discharge to outpatient cardiac rehabilitation in 10 hospitals before and after they began participating in the 'See You in 7' initiative. 'See You in 7' tools used by participating hospitals included identifying patients with heart failure prior to hospital discharge, increasing the interaction between patients and outpatient providers during the inpatient stay and providing patients with documentation of the scheduled follow-up visit. In the 10 participating hospitals, the per cent of patients attending outpatient cardiac rehabilitation within 7 days of hospital discharge increased from 31.1% before intervention to 34.4% after intervention, a 3.3% improvement, compared with 2.6% of patients attending outpatient cardiac rehabilitation within 7 days before intervention and 53.2% after intervention in our study.[@R3] Variation in interventions implemented and individual system barriers may explain outcome differences in cardiac rehabilitation attendance within 7 days between the two studies.

A few key lessons were learnt through completion of this project. When implementing many smaller process improvements in a short time frame, allow for an adjustment period for the staff involved with the changes. This adjustment period is reflected by the variability in scheduling appointments during the first few weeks the interventions were implemented ([figure 3](#F3){ref-type="fig"}). Other lessons learnt include the need to conduct frequent project team meetings to ensure project timelines are met and the project progresses in a timely fashion. Clearly defined measures with measurement procurement plans are crucial to accurate data collection and analysis. Finally, clear documentation of the data collection and analysis process in the baseline measurement phase facilitated data collection and analysis much easier during the process improvement phase.

Limitations include ensuring stakeholders have the capacity to implement desired changes and are not constrained by resource vacancies, such as staff out on medical leave, or other barriers that may impact change implementation. Although staff were trained to schedule appointments and verify insurance, an additional limitation of the study was that knowledge of the new skill was not directly measured. An unanticipated limitation was continued patient scheduling conflicts even with the opening of additional outpatient cardiac rehabilitation appointment slots. Finally, ensuring physician stakeholder support for attendance to cardiac rehabilitation within 7 days of discharge must be obtained to cultivate patient buy-in.

The application of Six Sigma methodology resulted in sustainable change that reduced the time from hospital discharge to first scheduled and attended outpatient cardiac rehabilitation appointments for patients with AMI ([figure 3](#F3){ref-type="fig"}) ([table 1](#T1){ref-type="table"}). The importance of this project should not be understated as the improvements made are consistent with best practice recommendations suggesting patients who engage in outpatient cardiac rehabilitation within 7 days of hospital discharge have better outcomes and reduced 30-day readmissions.[@R4]
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